Abstract. X-ray absorption at calcium L 3,2 edges of various calcium compounds were measured using a high resolution Spherical Grating Monochromator (SGM) at the Canadian Light Source (CLS). We observe that each compound has its unique fine structure of L 3,2 edges. This uniqueness is due to differences in local structure of compounds. We also performed (X-ray Excited Optical Luminescence) XEOL of selected luminescent calcium compounds to investigate their optical properties. XEOL is a photon-in-photon-out technique in which the optical luminescence that is excited by tunable x-rays from a synchrotron light source is monitored. Depending on excitation energy of the x-ray, relative intensities of luminescence peaks vary. Recent findings of the results will be presented here.
INTRODUCTION
The chemistry of calcium is important in variety of fields such as biological science [1] , pharmaceutics [2] , mineral studies [3] , and material science [4] . Despite its importance, soft-x-ray absorption of calcium compounds has not been studied extensively.
Here, we present X-ray Absorption Near-edge Structure (XANES) data of various calcium compounds, along with X-ray Excited Optical Luminescence (XEOL) results of luminescent calcium compound. XEOL is an x-ray photon-in, optical photon-out technique, in which the optical luminescence excited by tunable x-rays from a synchrotron radiation is monitored [5] . XEOL deals with the measurement of a specific de-excitation channel (optical emission) associated with the energy redistribution by a system upon the absorption of an energetic photon. Optical luminescence allows for the system to get rid of the excess energy from a highly excited state by emitting photons. The total (zero order) or partial (selected wavelength) photoluminescence yield (PLY) can be in turn used to monitor absorption across the edges. Time-Resolved XEOL (TRXEOL) can also be performed, where luminescence within a certain time window after excitation is measured [6] . This method takes advantage of the time structure of the storage ring (at the Canadian Light Source, the pulse width is 60 ps pulse, and there are 570 ns between consecutive bunches in a single bunch mode). Figure 1 represents a schematic of time-resolved XEOL. 
R
The purpose of this study is to explore the sensitivity and to generate a database of various calcium compounds, which can be used to provide local structural information of calcium in protein, minerals, and drugs via XANES method. Also, we want to investigate the origin of luminescence from calcium oxide an interesting light-emitting material. 
EXPERIMENTAL
) beamline at the Canadian Light Source (CLS) (2.9 Ge; current up to 500 mA). For XEOL experiments, luminescence was measured with a monochromator (JY-100) and a photomultiplier tube (PMT) (Hamamatsu R943-02). The specimen was freshly prepared by spreading the powdered compound on a piece of double-sided carbon tape on a steel disk (diameter ~1cm), which was mounted onto a sample holder. Total electron yield (TEY), fluorescence yield (FLY), and PLY were recorded simultaneously under vacuum in room temperature. Figure 2 shows the XANES spectra of the calcium compounds of interest. They have been normalized to photon flux (I 0 ), and scaled to highlight smaller features. All spectra consist of the main spin-orbit L 3,2 peaks along with smaller peaks that precede the main peaks. Following a previous study [7] , peaks are designated as a 1 , a 2 , b 1 , and b 2 phenomenalogically, where a 1 and b 1 represent peaks that precede the main L 3 and L 2 peaks respectively (as labeled in Figure 2 ) and a 2 and b 2 are the main L 3 and L 2 peaks respectively. Table 1 . The main peaks correspond to excitation from core 2p 6 3d 0 to 2p 5 3d 1 or 2p 5 4s 1 (dipole). The position of the peaks can be correlated to site symmetry of calcium [8] , as well as the crystal-field splitting [9] . It has been reported that the smaller leading peaks are sensitive to the symmetry of the atoms surrounding the Ca 2+ ion in the first coordination sphere [8] . Another study suggests that the small leading peaks have predominantly triplet characteristic, and arise from the spin-orbit coupling and the Columbic repulsion [9] . Regardless, small energy separation of the spin-orbit splitting in 2p levels of the alkali, alkali-earth, and early 3d row elements, together with the crystal field produces a variety of complicated L 3,2 NEXAFS features [8] . Interestingly, despite the common oxidation state of Ca 2+ , no Ca L 3,2 -edge XANES are the same. Previously, theoretical calculations of calcium fluoride have been performed [10] . Similar calculations will be carried out on other compounds investigated. Figure 3 shows the XEOL spectra of calcium oxide excited with photon energies around the Ca L 3,2 absorption edges. They have been normalized to I 0 . An UV peak is observed at 326 nm, and peaks in the visible are observed at 404 nm, 600 nm, and 808 nm. The UV peak is most likely due to near band edge emission. The 600 nm is due to defects. The 808 nm peak is primarily second order contribution of the 404 nm. Analysis of the peak intensities suggests that the intensity of peaks at 326 nm and 404 nm changes with excitation energies; however, we observe that the relative intensity of the peak at 404 nm, with respect to that at 326 nm increases over time at same excitation energy, on same sample spot (not shown here). Therefore, the analysis of the change in relative intensity of peaks as a function of excitation energy is not trivial. This is attributable either or the formation of emission centers (resulting from the creation of shallow electron traps by radiation due to chemical or lattice inhomogeneities) or photon pile-up effect. Figure 4 shows TEY and PLY spectra at 326 nm, 404 nm, and zero order. Note that PLY spectra are inverted. This is due to the fact that the measurements were made in the total absorption region, where attenuation length, (~200 nm) 1 is considerably smaller than the actual sample thickness (several microns to millimeters). There are features on PLY spectra at the selected wavelengths, which are not clearly seen in TEY. These features are indicated with arrows. TRXEOL was also performed on the same compound. Time windows investigated were "slow" (50-570 ns), "fast" (0-50 ns), and "open-gate (0-570 ns). Although multiple measurements were made for each time window, only one from each setting will be presented. The TRXEOL spectra are shown in Figure   1 Attenuation length for CaO, and other compounds can be obtained from Center for X-Ray Optics website, http://www-cxro.lbl.gov 5 . The results show that at the "slow" time window, luminescence at 326 nm is dominant, and no peak at 404 nm can be seen. At the "fast" time window, luminescence at 404 nm is more intense, although the peak at 326 nm is still present. The result is opposite of what we expect; in most cases, luminescence at shorter wavelength has shorter lifetime. The origin of this 404 nm peak is under investigation. 
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